1. Introduction {#sec1}
===============

Herbal products (HPs) are gaining popularity across the globe due to their various health promoting properties (WHO, 2004), and are therefore being widely sold in pharmacies, supermarkets [@bib1] and online platforms [@bib2]. The global market of HPs is expected to grow annually by 7.2% from 2017 to 2023, and is estimated to be valued at \$111 billion by the year 2023 [@bib3], pointing to the vast consumption of HPs.

HPs are often regarded to be safer compared to synthetic drugs. However, the possibility of adverse effects associated with the consumption of HPs cannot be discounted. Yet, most of the HPs are not evaluated for their toxic effects and information on safety margin lacks significantly [@bib1].

Traditionally, geraniin-enriched plant extracts belonging to mainly the species of *Geranium* and *Phyllanthus* were consumed to treat certain disorders; *G. thunbergii* Sieb. et Zucc as an antidiarrhetic [@bib4], *Geranium carolinianum* L in treating rheumatic arthritis [@bib5] and *Geranium sibiricum* Linne in the treatment of dysentery and enteritis [@bib6]. *P. amarus* and *P. emblica* for jaundice \[[@bib7], [@bib8]\]. Scientifically geraniin was shown to exhibit various bioactive properties ranging from anti-hypertensive [@bib9], hepatoprotective [@bib10], anti-hyperglycaemic [@bib11] and anti-cancer [@bib12]. In fact, *P. niruri* containing geraniin is also being commercially sold under various brand names such as Hepar R for its hepatoprotective activity.

Acute oral toxicity test (AOTT) provides valuable preliminary data that are useful in case of accidental ingestion of a lethal dose of a substance, the organs affected and dosage selection for subsequent toxicity studies such as sub-chronic test [@bib13]. The generated data is also beneficial in establishing the therapeutic index of a compound. Subsequently, AOTT provides assurance on the safety of the tested substance. As described above, although geraniin have been shown to exhibit various biological properties, and is found in a number of traditional herbal preparation currently in the market, extensive toxicity data is lacking.

The acute and sub-chronic assessments of the *N. lappaceum* rind extracts in rats has however been reported by Subramaniam e al (2012) [@bib14] and Thinkratok et al (2014) [@bib22]. Subramaniam et al (2012) while using a crude preparation only reported histological examination of the liver and kidney while excluding all other major organs. Thinkratok and coworkers (2014) on the other hand, used a different preparation of the *N. lappaceum* crude extract and did not perform histological examination. A comprehensive and detailed acute oral toxicity of both geraniin and a standardised geraniin-enriched extract is warranted, in light of the growing interest in geraniin and its enriched extract.

2. Materials and methods {#sec2}
========================

2.1. Materials and reagents {#sec2.1}
---------------------------

Reverse-phase C18 silica (particle size 50 μm, pore size 60 Å) (Davisil, GRACE), denatured ethanol, 95% (Systerm), methanol (Merck), acetonitrile (ACN) (Fisher), dichloromethane (DCM) (Merck), trifluoroacetic acid (TFA) (Merck), diethyl ether (Merck), formic acid (FA) (Sigma Aldrich, St. Louis, MO, USA).

2.2. Preparation of *N. lappaceum* rind powder {#sec2.2}
----------------------------------------------

*N. lappaceum* L. fruits were purchased in Kuala Lumpur, Malaysia, which was later authenticated by the Herbarium of the Forest Research Institute of Malaysia (FRIM). The rind was washed with distilled water and air dried at room temperature for around 2--3 h. The rind was completely dried in a circulation oven at 40 °C. The dried rind was then powderised using a blender and Fritsch dry miller.

2.3. Preparation of a standardised geraniin-enriched extract and geraniin from *N. lappaceum* rind {#sec2.3}
--------------------------------------------------------------------------------------------------

The geraniin-enriched extract was prepared as previously described [@bib15]. The powdered rind was extracted with 95% denatured ethanol (1:10), filtered and the resulting filtrate was concentrated using rotary evaporator. This was followed by a freeze-drying process to obtain a dry geraniin-enriched extract ethanolic extract. The presence of geraniin and its quantification in the extract was confirmed on HPLC. Purification of geraniin from the geraniin-enriched extract was carried out using reverse phase chromatography as previously described [@bib16]. Briefly, following column packing with Davisil C18 silica (160g), the geraniin-enriched extract (20g) was mixed thoroughly with 40 mL of distilled water (dH~2~O) and gently loaded onto the packed glass column. This was followed by elution with water to remove impurities and geraniin was purified using acetonitrile and water in a step-wise gradient. Ten percent acetonitrile fractions containing geraniin were evaporated and its purity was confirmed using HPLC.

2.4. Animal husbandry {#sec2.4}
---------------------

Acute oral toxicity in Sprague Dawley (SD) rats were performed according to OECD 423 guidelines. Animal experimentation commenced soon after the receipt of animal ethics approval by the Monash University Monash Animal Research Platform Animal Ethics Committee (AEC approval No.: MARP/2017/01). Female Sprague Dawley rats of 8-weeks old were purchased from Monash Animal research Platform. Following one week of acclimatization, the rats were randomly divided into three groups. The control group was administered with distilled water (1mL/100g), while the treatment groups were gavaged with single doses of 2000 mg/kg of geraniin and geraniin-enriched extract respectively. Body weight, food consumption and fluid intake were recorded thrice a week. On day 14, the rats were anaesthetized by intraperitoneal injection of ketamine (100 mg/kg) and xylazine (10 mg/kg). Exsanguination was carried out by cardiac puncture and the rats were humanely killed and organs were removed for further analysis.

### 2.4.1. Observation -- mortality and clinical signs {#sec2.4.1}

Following administration of geraniin and geraniin-enriched extract, the rats were observed hourly for the first 24 h and daily for a total of 2 weeks (14 days). Attention was given to changes in skin, fur, mucous membrane, eyes, respiration and behaviour patterns.

### 2.4.2. Hematology and biochemistry {#sec2.4.2}

Blood samples were delivered to Hematology Department, Faculty of Veterinary, University Putra Malaysia for full blood count and biochemical evaluation. Full blood count investigating red blood cell (RBC), hemaglobin (Hb), mean corpuscular volume (MCV), mean corpuscular hemaglobin concentration MCHC and white blood cell indices (WBC) were performed. While, biochemical analysis include aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphatase (ALP), gama-glutamyltransferase (GGT) total protein (TP), albumin (ALB), globulin (GLO), albumin to globulin ratio (A:G), creatinine (Cr), urea (U), glucose, direct bilirubin (Dbil), total bilirubin (Tbil), cholesterol, and triglyceride (TAG) evaluation.

### 2.4.3. Histopathology {#sec2.4.3}

Organs (liver, kidney, stomach, intestine, spleen, pancreas, lungs, heart, brain, ovaries) were fixed in 10% phosphate-buffered formalin. Following tissue processing, embedding and sectioning, the tissues were stained with haematoxylin and eosin stains. The stained slides were examined with the assistance of a pathologist. The tissue sections were given scores based on the architecture; '0' = absence of lesion; '1' = \<25% tissue affected; '2' = 26--50% tissue affected; '3' = 51--75% tissue affected and '4' = 76--100% of tissue affected [@bib17].

2.5. Statistical analysis {#sec2.5}
-------------------------

Data are expressed as mean ± SEM. Parametric and non-parametric tests were carried out following test of normality using software Prism version 5.0 (GraphPad, San Diego, CA, USA), where *p* \< 0.05 was considered as statistically significant. Two-way ANOVA with Bonferroni\'s post hoc, one-way Analysis of Variance (ANOVA) with LSD post-hoc, Kruskal-Wallis H and Mann-Whitney U tests were used to compare means among the groups.

3. Results {#sec3}
==========

3.1. Standardised preparation of geraniin-enriched extract from *N. lappaceum* rind {#sec3.1}
-----------------------------------------------------------------------------------

N*.lappaceum* rind powder yielded ∼13 g of crude extract for every 50g of the rind powder. The crude extract contained 45% geraniin ([Fig. 1](#fig1){ref-type="fig"}a) determined using calibrated pure geraniin.Fig. 1(a) HPLC chromatogram of ethanolic extract of *N. lappaceum* rind. (b) HPLC chromatogram of geraniin crystals. Column - Chromolith Performance RP-18, mobile phase-water (Solvent A) and acetonitrile (Solvent B), flow rate- 0.5 mL/min, injection volume- 5μL, abs- 254 nm.Fig. 1

3.2. Preparation of geraniin from *N.lappaceum* rind {#sec3.2}
----------------------------------------------------

Twenty grams of crude generated ∼2 g of geraniin crystals (10 % yield) with a purity of \>90 % ([Fig. 1](#fig1){ref-type="fig"}b). The geraniin crystals were concentrated in fractions 3, 4 and 5 which were eluted in 10:90 ACN:water.

3.3. Acute oral toxicity test {#sec3.3}
-----------------------------

### 3.3.1. Observation {#sec3.3.1}

One rat died 48 h post-administration of geraniin. Necropsy of the rat revealed formation of blood clot around the thoracic region, indicating death due to flawed gavaging technique. All geraniin-administered rats had diarrhea for the initial 4 h. No other clinical signs were observed in all groups.

### 3.3.2. Necropsy {#sec3.3.2}

Gross pathological changes were absent in rats administered with geraniin and geraniin-enriched extract at a single dose of 2000 mg/kg. All organs exhibited normal architecture similar to the vehicle-administered group.

### 3.3.3. Body weight, food, fluid intake, relative organ weight {#sec3.3.3}

Body weight, water intake and relative organ weight of geraniin and geraniin-enriched extract groups were not significantly different compared to control. Geraniin-administered rats consumed significantly higher feed compared to control and crude.

### 3.3.4. Hematology and biochemical parameters {#sec3.3.4}

The full blood count ([Table 1](#tbl1){ref-type="table"}), liver function ([Table 2](#tbl2){ref-type="table"}), kidney function ([Table 3](#tbl3){ref-type="table"}), glucose and lipid profiles ([Table 4](#tbl4){ref-type="table"}) of the rats were not statistically affected by the administration of geraniin and geraniin-enriched extract.Table 1Full blood count of control, geraniin and geraniin-enriched extract --administered rats.Table 1ParametersControlGeraniinGeraniin-enriched extractRBC (x10^12^/L)7.70 ± 0.307.85 ± 0.338.11 ± 0.23Hb (g/L)166.50 ± 2.40163.40 ± 6.95160.33 ± 3.30MCV (fL)59.50 ± 2.6056.00 ± 1.3054.50 ± 1.38MCHC (g/L)366.00 ± 6.48372.20 ± 5.85361.83 ± 6.34WBC (g/L)5.90 ± 0.885.90 ± 0.696.92 ± 0.79[^1]Table 2Liver function profile of control, geraniin and geraniin-enriched extract --administered rats.Table 2ParametersControlGeraniinGeraniin-enriched extractALT (U/L)43.40 ± 3.8244.60 ± 3.5439.83 ± 2.01ALP (U/L)150.60 ± 15.62190.80 ± 22.92147.17 ± 9.97AST (U/L)115.25 ± 17.72110.83 ± 10.05103.80 ± 9.08GGT (U/L)\<2\<2\<2TP (g/L)72.04 ± 1.6174.40 ± 1.1671.65 ± 1.64ALB (g/L)31.48 ± 0.43230.68 ± 0.6030.00 ± 0.50GLO (g/L)40.56 ± 1.3943.72 ± 1.3141.65 ± 1.53A:G0.78 ± 0.040.68 ± 0.040.72 ± 0.03DBIL (mmol/L)0.82 ± 0.151.12 ± 0.060.80 ± 0.13TBIL (mmol/L)1.64 ± 0.191.72 ± 0.151.35 ± 0.17[^2]Table 3Kidney function test of control, geraniin and geraniin-enriched extract --administered rats.Table 3ParametersControlGeraniinGeraniin-enriched extractCreatinine (μmol/L)56.60 ± 0.8752.60 ± 2.6745.00 ± 1.92Urea (μmol/L)6.56 ± 0.476.48 ± 0.625.90 ± 0.54Table 4Glucose and lipid profile of control, geraniin and geraniin-enriched extract --administered rats.Table 4ParametersControlGeraniinGeraniin-enriched extractGlucose (mmol/L)11.82 ± 1.2813.88 ± 0.4313.08 ± 0.93Cholesterol (mmol/L)1.84 ± 0.141.94 ± 0.111.87 ± 0.14TAG (mmol/L)0.82 ± 0.140.90 ± 0.160.83 ± 0.20[^3]

### 3.3.5. Histopathology {#sec3.3.5}

Histopathological examination of all the major organs revealed intact architecture following administration of geraniin and geraniin-enriched extract. However, the livers of three rats administered with geraniin showed significant presence of 'foamy appearance' of the hepatocytes ([Fig. 2](#fig2){ref-type="fig"}) compared to the control and crude.Fig. 2H&E stained liver sections of (a) control, (b) geraniin-enriched extract, and (c) geraniin groups. Control and geraniin-enriched extract groups show intact liver architecture while 60% of the animals in the geraniin group exhibited foamy hepatocytes (a few has been highlighted). CV-central vein, PT-portal triad. x100.Fig. 2

4. Discussion {#sec4}
=============

The OECD 423 is a guideline that assess the mortality or the moribund state of test animals following administration of a compound. Based on the criteria established within this standard, the geraniin and geraniin-enriched extract at a single oral dose of 2000 mg/kg did not cause any mortality. Thus, the LD~50~ cut-off value for the geraniin used in our study, which has 90 % purity, is above 2000 mg/kg b. w. Therefore, we estimate that pure geraniin would have a LD~50~ cut-off value of 1800 mg/kg b. w. Similarly, the LD~50~ cut-off value for the geraniin-enriched extract was also found to be above 2000 mg/kg b. w.

Administration of geraniin and geraniin-enriched extract did not affect body weight, though the daily food intake of geraniin-administered group was significantly higher compared to control and geraniin-enriched extract. The relative organ weights were also not significantly affected compared to control. This indicates, geraniin and the enriched extract did not affect any vital organs of the rats. Nonetheless, all geraniin-administered rats had diarrhea for the first 4 h which ceased soon after food intake. Microscopic examination of stomach and intestines, however, revealed intact histology. The exact mechanism underlying this effect cannot be derived from this study. Nevertheless, a substance is identified to cause diarrhea if it acts as an intestinal mucosal irritant leading to increased peristaltic activity [@bib18], it has been proven to be poorly bioavailable if the consumed substance is indigestible [@bib19] or absence of intestinal enzymes for the digestion of the ingested substance [@bib20].

Negative modulation of hematology markers in animal studies is a significant predictor of adverse reactions in human [@bib21]. None of the blood parameters assessed were affected by geraniin or geraniin-enriched extract. Normal range in RBC, Hb, MCV, MCHC and WBC indicate geraniin and geraniin-enriched extract did not interfere with the hematopoietic process. A similar finding was observed by Thinkratok et al (2014) [@bib22], whereby a 30 d administration of 2000 mg/kg of *N. lapppaceum* crude extract did not affect the full blood count profile.

Histopathological examination of the liver showed presence of foamy hepatocytes in three out of the five rats. Foamy hepatocytes, also referred as feathery degeneration often seen in high fat diet induced model [@bib23]. In our study however, the plasma total cholesterol and TAG levels were within normal range. In addition, the rats were fed a standard chow and not the high fat diet. Therefore, the foamy appearance is unrelated to the diet or fat deposition in the liver. We were unable to do oil red O staining to confirm if the observation was indeed attributed to fat deposition as the liver sections were not snap frozen. The foamy appearance was only observed in the geraniin supplemented group and not in the enriched-extract group, as such we postulate that this is due to the higher concentration of geraniin itself and not its impurities. However, although foamy appearance was observed in the geraniin treated group, other markers indicative of hepatotoxicity were not observed (ALT, AST, ALP, GGT). It is however important to note that geraniin at lower doses (50--200 mg/kg) have been shown to have hepatoprotective ability \[[@bib11], [@bib24], [@bib25], [@bib26]\].

It can be concluded the LD~50~ cut-off value for the geraniin used in our study, which has 90 % purity, is above 2000 mg/kg b. w. Therefore, we estimate that pure geraniin would have a LD~50~ cut-off value of 1800 mg/kg b. w. Similarly, the LD~50~ cut-off value for the geraniin-enriched extract was also found to be above 2000 mg/kg b. w. The No-Observed-Adverse-Effect Level (NOAEL) for geraniin is below 2000 mg/kg, which corresponds to 1800 mg/kg based on the 90% purity of the geraniin, while for the geraniin-enriched extract, the NOAEL is up to 2000 mg/kg. It is therefore important that a sub-chronic toxicity study with geraniin to be carried out in order to elucidate the liver pathology.
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[^1]: Hb-hemaglobin, MCV - mean corpuscular volume, MCHC - mean corpuscular hemaglobin concentration, RBC - red blood cell, WBC -white blood cell indices.

[^2]: A:G-albumin to globulin ratio, ALP-Alkaline phosphatase, ALB-albumin, ALT -Alanine transaminase, GGT - Gama-glutamyltransferase, GLO-globulin, TP - total protein, Dbil - direct bilirubin, Tbil - total bilirubin.

[^3]: TAG - triglyceride (TAG).
